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was	detected	 in	73/190	 (38%)	 individual	milk	 samples	collected	 from	naturally	 in-









Such	 approaches	 could	 strengthen	 FMDV	 surveillance	 capabilities	 in	 East	 Africa,	
both at the individual animal and herd level.
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tion	can	often	be	problematic	 in	endemic	areas	due	 to	 limited	 re-
sources	and	capacity	to	undertake	surveillance.
Pan-	serotypic	real-	time	reverse-	transcription	polymerase	chain	
reaction	 (rRT-	PCR)	 assays	 have	 been	 described	 for	 the	 rapid	 de-






specific	 to	 particular	 geographical	 regions,	 including	 East	 Africa	







supplemented	 by	 targeted	 case	 finding	 (Kasanga	 et	al.,	 2012;	
Namatovu	 et	al.,	 2013).	 Furthermore,	 sample	 types	 for	 labora-
tory	FMDV	diagnosis,	typically	vesicular	epithelium	and	fluid,	are	
invasive	 and	 labour	 intensive	 to	 obtain,	 and	 therefore,	 they	 are	
collected	 infrequently,	 resulting	 in	under-	reporting	 (Knight-	Jones,	




Milk	 is	 routinely	 collected	 from	dairy	 farms,	 and	 has	 been	 ex-
ploited	as	a	surveillance	tool	for	the	detection	of	other	diseases	of	









tion	of	 FMDV	RNA	 in	milk	 from	naturally-	infected	 animals.	 These	
include	FMDV	detection	in	milk	during	the	2007	FMD	outbreak	in	
the	United	Kingdom	 (Armson	 et	al.,	 2018),	 in	 cattle	 and	buffaloes	
in	Pakistan	(Ahmed	et	al.,	2017;	Saeed	et	al.,	2011)	and	in	cattle	 in	
India	 (Ranjan	 et	al.,	 2016).	 The	 limited	milk	 samples	 used	 in	 these	
studies	were	collected	either	as	an	additional	sample	type	to	validate	
molecular	assays,	or	to	investigate	the	possible	role	of	milk	in	FMDV	










from	 clinical	 and	 healthy	 cows	 during	 FMD	 outbreak	 investiga-
tions	 in	 northern	 Tanzania	 (Serengeti	 and	 Bunda	 Districts)	 be-
tween	2012	and	2015	(Casey-	Bryars	et	al.,	2018).	For	four	of	the	
FMD	clinically	affected	cows	that	supplied	a	milk	sample,	vesicu-
lar	 lesion	material	 (epithelium	or	 fluid)	was	also	collected	on	 the	
same	 day,	 and	 samples	 tested	 in	 duplicate.	 This	 lesion	 material	
was	submitted	to	the	FAO	World	Reference	Laboratory	for	FMD	
(WRLFMD;	 The	 Pirbright	 Institute,	 UK)	 for	 confirmatory	 diag-
nostics,	 sequencing	and	phylogenetic	analyses	 (WRLFMD,	2015)	
(Table	S1).
An	 initial	 screen	 of	 all	 the	 milk	 samples	 and	 the	 lesion	 mate-
rial	 from	 four	 of	 the	 cows	was	 performed.	 For	 this,	 RNA	was	 ex-
tracted	 using	 the	 MagMAX™-	96	 Viral	 RNA	 Isolation	 Kit	 (Applied	
Biosystems®).	The	OIE	recommended	pan-	serotypic	rRT-	PCR	assay	
was	 carried	 out	 on	 an	 Applied	 Biosystems®	 7500	 Real-	time	 PCR	
System,	 using	 the	 Superscript	 III	 Platinum®	 One-	Step	 qRT-	PCR	
Kit	 (Invitrogen™),	with	primers	and	probes	targeting	the	conserved	
three-	dimensional	 region	 of	 the	 FMDV	 genome	 (Callahan	 et	al.,	
2002;	OIE	Terrestrial	Manual,	2017),	and	thermal	cycling	conditions	







FMDV	 RNA	 was	 detected	 in	 73/190	 (38%)	 of	 milk	 samples	

















other	FMDV	types	during	sample	collection	 in	 the	 field,	 transport	
or	testing	in	the	laboratory;	or	(b)	cross-	reaction	between	the	indi-
vidual	typing	rRT-	PCR	assays,	although	no	evidence	of	this	has	been	
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observed	during	the	validation	of	these	tests	(Bachanek-	Bankowska	
et	al.,	2016).
Published	 reports	 of	 clinical	 samples	 from	 the	 study	 region	
indicate	circulation	of	all	 four	serotypes	during	 the	study	period	
(WRLFMD,	2015;	Figure	1c)	 and	are	mainly	 consistent	with	 rRT-	
PCR	typing	results	of	the	milk	samples.	Although	serotype	SAT	2	
was	 identified	 in	clinical	 samples	collected	 in	Northern	Tanzania	
at	the	start	of	the	study	period,	milk	samples	were	not	collected	
from	 these	 specific	 locations,	which	may	explain	 the	absence	of	
serotype	SAT	2	 in	the	milk	samples.	On	some	dates,	FMDV	RNA	
was	detected	 in	 a	milk	 sample,	 but	 there	were	no	 confirmed	di-
agnostic	 reports	of	 this	 serotype	 in	 the	 region	at	 this	 time.	This	
could	be	due	 to	poor	 farmer	 recognition	of	clinical	 signs,	 lack	of	
disease	reporting,	or	sample	contamination	 (as	discussed	above).	
Alternatively,	 these	 results	may	 indicate	 that	 FMDV	 can	 be	 de-
tected	 in	 milk	 samples	 during	 the	 pre-	clinical	 or	 convalescence	
phases	of	 infection,	as	 reported	previously	 (Armson	et	al.,	2018;	








higher	 virus	 concentrations	 in	 vesicular	 lesions	 (King	 et	al.,	 2006).	
Typing	results	were	comparable	for	all	pairs,	with	the	exception	of	
Animal	A,	where	no	signal	was	observed	in	any	of	the	typing	assays,	




























not	 be	 excluded	 as	 a	 reason	 for	 these	 results.	Observations	 from	
paired	samples	indicate	that,	despite	a	weaker	rRT-	PCR	signal,	milk	
can	be	used	 for	detection	and	 typing	of	FMDV	 in	most	 individual	
samples.
VP1	sequences	obtained	from	milk	samples	7805	(animal	C;	ac-
cession	 number	MH791039)	 and	 7815	 (animal	 D;	 accession	 num-
ber	 MH791040)	 were	 found	 to	 be	 identical	 (animal	 D)	 or	 within	
one	 nucleotide	 difference	 (animal	 C)	 to	 reported	 sequences	 of	
paired	 vesicular	 samples	 from	 the	 same	 animals	 (animal	 C:	 acces-




during	 viral	 replication,	 as	 sequences	 from	 the	 vesicular	 samples	
were	obtained	from	virus	isolated	on	primary	bovine	thyroid	(BTY)	
cells.	Upon	comparison	of	the	SAT	1-	specific	primers/probe	with	the	
VP1-	coding	 sequence	 data	 obtained	 from	milk	 and	 vesicular	 sam-




















ity	 of	 further,	 in-	depth	 virus	 characterization.	 Milk	 sampling	 as	
a	 targeted	 surveillance	 approach	 shows	 promise	 given	 the	 con-
cordance	between	typing	data	 from	milk	samples	and	confirmed	
reports	 from	 outbreak	 investigations.	 Follow-	on	 studies	 are	 re-
quired	to	assess	the	application	of	pooled	milk	in	combination	with	
herd	clinical	status	for	FMDV	surveillance.	In	conclusion,	milk	is	a	
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milk sample Sample type 3D O A SAT 1 SAT 2
A TAN/20/2014 Vesicular	epithelium 18.30 No CT No CT 24.98 No CT
7736 Milk 33.31 No CT No CT No CT No CT
B TAN/22/2014 Vesicular	epithelium 10.19 No CT No CT 21.06 No CT
TAN/23/2014 Vesicular	fluid 9.94 38.07 No CT 19.76 No CT
7609 Milk 29.04 33.13 No CT 33.42 No CT
TAN/28/2014 Vesicular	epithelium 16.00 No CT No CT 20.33 No CT
C TAN/29/2014 Vesicular	fluid 9.05 No CT No CT 10.3 No CT
7805 Milk 26.48 No CT No CT 29.17 NP
D TAN/34/2014 Vesicular	epithelium 16.51 No CT No CT 16.77 No CT
7815 Milk 25.08 No CT No CT 25.69 NP
Note. CT	values	are	the	mean	of	duplicates	for	each	rRT-	PCR	assay.	NP:	not	performed.
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